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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a high coercive force R-Fe-B thin-film magnet and a 
manu facturing method capable of substantially improving the coercive force in a film formation 
method by sputtering. 

SOLUTION: By performing sputtering without heating substrate and performing the required 
crystallization heat treatment after forming an R-Fe-B alloy thin film on the substrate or 
further performing the required crystallization heat treatment after forming a protective film on 
the R-Fe-B alloy thin film, since a thin film will not be oxidized, this R-Fe-B thin-film magnet 
provided with a coercive force of larger than 1 0 kOe, larger than 25 kOe under preferred 
conditions, is obtained. By performing sputtering without heating the substrate, the thin-film 
magnet provided with the high coercive force can be obtained without the thin-film magnet 
becoming oxidized, the substrate modified or deformed, the structure of a device becoming 
complicated. Furthermore, by further forming a Ti protective film on the thin film formed on the 
substrate, oxidization at the heat treatment after the formation of the thin film is prevented, 
and the decline in the coercive force is prevented. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] In case this invention relates to the thin film magnet used for a micro motor, 
a micro-actuator, a micro magnetometric sensor, etc., and the R-Fe-B system thin film magnet which 
has high coercive force especially and forms the R-Fe-B system (R is at least one sort of rare earth 
elements) alloy film on a substrate by sputtering, it relates to the high coercive force R-Fe-B system 
thin film magnet which acquired high coercive force, and its manufacture approach by forming 
membranes, without heating a substrate and preparing a protective coat further. 
[0002] 

[Description of the Prior Art] In recent years, thin shape-ization of the magnet used for a motor, an 
actuator, etc. is demanded with small and high-performance-izing of electronic equipment. 
[0003] The R-Fe-B system permanent magnet is used abundantly at current and these applications. 
Although a R-Fe-B system magnet is the ingredient optimal from the outstanding magnetic 
properties for thin-shape-izing, a sintered magnet and a bond magnet is [ the thickness of about 
hundreds of micrometers ] limitations. 

[0004] Then, research of thin-film-izing of a R-Fe-B system magnet is made, and it gets down, for 
example, Cadieu and others has reported in 1987 that coercive force obtained the thin film of 8- 
14kOe by RF spatter recently (6 Vac.Sci.Technol., A 1688 (1988)). 

[0005] Moreover, Yamasaki and others has reported in 1 990 that coercive force obtained the thin 
film of 3-7kOe by the DC magnetron sputtering method. Furthermore, Yamashita and others has got 
the thin film of coercive force 7kOe and residual magnetization 9.6kG by the DC magnetron 
sputtering method at the peak price in 1991 by the 65.5**77B10**Ndl3**17Fel7.5 presentation 
(the Magnetics Society of Japan 15,241-244 (1991)). 
[0006] 

[Problem(s) to be Solved by the Invention] However, each above-mentioned approach has the 
problem that a substrate deteriorates or the structure of equipments, such as a problem of deforming, 
and temperature management, wiring of a substrate, becomes complicated, the problem that the soak 
nature of the substrate in heat treatment is still worse, etc. in order to heat a substrate. 
[0007] Moreover, the coercive force of the obtained thin film is not yet practical. The highest in the 
inside of what is being cut by current is 14kOe(s). When thermal resistance etc. is taken into 
consideration since the magnet operating point is low to the degree of pole in case a R-Fe-B system 
thin film magnet is put in practical use, 14kOe(s) are insufficient for coercive force, and it is 
desirable. [ of a more high thing ] 

[0008] This invention aims at offer of that manufacture approach in the high coercive force R-Fe-B 
system thin film magnet list which can raise coercive force remarkably in the membrane formation 
approach by sputtering for the purpose of offer of a R-Fe-B system thin film magnet with utilizable 
high coercive force. 
[0009] 

[Means for Solving the Problem] The result of wholeheartedly the research about the approach of not 
oxidizing the sputtering approach, especially the R-Fe-B system alloy thin film which forms 
membranes in order that artificers may attain the above-mentioned purpose, After performing 
sputtering, without heating a substrate and making a R-Fe-B system alloy thin film form on a 
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substrate The knowledge of the thin film magnet which there are no deterioration and deformation of 
a substrate by heat-treating on the optimal heat treatment conditions which can deposit a single 
domain particle, and has high coercive force being obtained from the amorphous thin film after 
necessary heat-of-crystallization processing, i.e., sputtering, was carried out. 
[0010] Furthermore, in order to prevent the oxidation at the time of heat treatment after R-Fe-B 
system thin film membrane formation, by carrying out membrane formation formation of the 
protective coat further on a R-Fe-B system alloy thin film, artificers did the knowledge of fall 
prevention of coercive force being possible, and completed this invention. 

[001 1] That is, this invention is a high coercive force R-Fe-B system thin film magnet which has the 
R-Fe-B system (R is at least one sort of rare earth elements) alloy film which was formed in 
sputtering and heat-treated after membrane formation on the substrate, without heating a substrate, or 
is characterized by having a protective coat on this alloy film further. 

[0012] Moreover, this invention is the manufacture approach of the high coercive force R-Fe-B 
system thin film magnet characterized by heat-treating, after performing sputtering and forming a R- 
Fe-B system (R is at least one sort of rare earth elements) alloy on a substrate, without heating a 
substrate, or after forming a protective coat on the alloy film further. 
[0013] 

[Embodiment of the Invention] In this invention, any well-known equipments, such as DC 
magnetron sputtering system usually used and RF sputtering system, can be used for sputtering. 
However, in this invention, since heating of a substrate is not needed, substrate heating apparatus etc. 
is not needed. 

[0014] In this invention, as shown in the example mentioned later as target material for sputtering, 
the thing which dissolved and alloyed R, and Fe and B beforehand or the thing which has arranged 
each metal, for example, the thing which has arranged the chip of Nd and B on Fe plate, can be used. 

[001 5] What is necessary is just to determine the area which each metal in a target occupies so that it 
may be equivalent to the atomic ratio of the thin film magnet which it is going to obtain when 
arranging each metal which consists of R, Fe, and B and considering as a target. For example, to the 
area of the whole target, if it is the becoming presentation Nd30Fe54B16, Nd will arrange each metal 
so that Fe may occupy and B may occupy 16% of area 54% 30%. 

[0016] Moreover, as a presentation of a thin film magnet, all of a well-known R-Fe-B system alloy 
presentation are employable as the presentation list of a target, what contains R 20at(s)% - 30at%, 
and contains 10at(s)% - 16at% for B in order to aim at high coercive force ~ it is desirable, and since 
residual magnetization will fall if coercive force of R does not improve [ less than / 20at% / and B ] 
less than [ 10at% ], but R exceeds and B exceeds 16at(s)% 30at(s)%, it is not desirable. 
[0017] In this invention, any well-known substrate suitable for a magnetic application is employable 
as a substrate which forms a R-Fe-B system alloy thin film. By using Mo for some or all of a 
substrate for the purpose of antioxidizing of this alloy especially, emission of the oxygen from a 
substrate can be prevented, oxidation of a thin film can be controlled, and the fall of coercive force 
can be prevented. 

[001 8] As a concrete substrate, Mo plate, Mo radical alloy plate, the substrate that formed Mo or Mo 
radical alloy on various glass metallurgy group front faces can be mentioned. Moreover, as for the 
thickness of a substrate, it is desirable that it is 1mm or less. 

[0019] As one of the descriptions of this invention, on the R-Fe-B system alloy thin film which 
formed membranes on the substrate by sputtering for the purpose of antioxidizing of a R-Fe-B 
system alloy thin film, as shown in an example, protective coats, such as Ti film, are formed. 
[0020] That is, although it crystallizes by heat treatment since the R-Fe-B system alloy thin film after 
sputtering is in an amorphous condition, in the case of the heat-of-crystallization processing, R 
component in the oxygen in a heat treatment ambient atmosphere and a thin film etc. reacts, and 
there is a possibility that a thin film may oxidize. Therefore, by preparing a protective coat, oxidation 
of a thin film can be prevented and fall prevention of coercive force can be aimed at. 
[0021] Being able to form Ti film shown in an example by the gaseous-phase forming-membranes 
methods, such as the sputtering method and vacuum deposition, as a protective coat, thickness is 
100-1000A preferably several 10A - 100A of numbers. 
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[0022] It is the description that the manufacture approach of this invention does not heat a substrate 
during sputtering for oxidation control. As spread previously, all the thin film magnets proposed 
until now are performing sputtering, heating a substrate. Although it is an approach simple for this 
performing membrane formation and crystallization of a thin film at the time of **, and obtaining a 
thin film magnet, a substrate deteriorates, there is a problem of deforming, and the problem that the 
structure of equipment becomes complicated also has temperature management, wiring, etc. of a 
substrate. Furthermore, the problem of being bad also has the soak nature of the substrate in heat 
treatment. 

[0023] Then, in this invention, after not heating a substrate but completing membrane formation of a 
thin film, it heat-treats anew in the case of sputtering, and it crystallizes a thin film. That is, since the 
thin film after sputtering is in an amorphous condition, it is necessary to heat-treat crystallization and 
the high magnetic properties which are the descriptions of a R-Fe-B system magnet can be made to 
discover by depositing an R2Fel4B ferromagnetism phase as a single domain particle from an 
amorphous phase. 

[0024] Therefore, although heat treatment conditions can adopt the heat treatment conditions for the 
well-known recrystallization according to a presentation etc., as shown in an example, because of 
oxidation control, it is an ambient atmosphere in a vacuum and it is desirable in this invention, to 
carry out in temperature [ of 600 degrees C - 650 degrees C ] and time amount 30 minutes -, and 60 
minutes. 

[0025] Although there is especially no problem also in inert gas, in order to lessen oxygen as much 
as possible, once making a heat treatment ambient atmosphere into a vacua, it is desirable [ an 
ambient atmosphere ] to take the technique of carrying out Ar permutation. Moreover, heat treatment 
temperature does not have this better **, in order that lifting coercive force may decline the grain 
growth which crystallization is not enough and exceeds 650 degrees C at less than 600 degrees C. 
Although influenced by the amount of the class and gestalt of the furnace to process, and a heat- 
treated object etc., heat treatment time amount can almost be crystallized, if it is usually 30 minutes - 
about 60 minutes. 

[0026] By the former, it becomes possible to obtain the R-Fe-B system thin film magnet which was 
not able to be obtained and which has high coercive force by using the manufacture approach by this 
invention mentioned above, an ingredient, etc. Specifically on 15 or more kOes and desirable 
conditions, the R-Fe-B system thin film magnet which has the coercive force of 25 or more kOes is 
obtained. 
[0027] 

[Example] Mo plate was used for the substrate formed [ example 1 ] membranes, what has arranged 
the chip of Nd and B on Fe plate was used as the target, RF sputtering was performed on condition 
that ultimate-vacuum 2xlO-6Torr, Ar gas pressure 5xl0-3Torr, and high-frequency power 350W, 
without performing heating to a substrate, and the thin film magnet with which the thickness of 
about 1 micrometer and a presentation consist of Nd30Fe 54B1 6 (at%) was obtained. 
[0028] Next, after forming Ti thin film of 300A thickness in sputtering on this thin film magnet, 650 
degrees C and heat treatment for 30 minutes were performed in the vacuum. 

[0029] The X diffraction result of the obtained thin film magnet is shown in drawing 1 . It turns out 
that the diffraction peak of the Nd2Fel4 B phase of a ferromagnetic phase appears notably, and the 
R-Fe-B system thin film magnet is formed. Material identification was not made although phases 
other than Nd2Fel 4 B phase were also accepted. 

[0030] Moreover, the measurement result of magnetic properties is shown in d raw ing 2 at drawing 
2 . Drawing 2 is BH curve, an axis of ordinate shows residual magnetization and the axis of abscissa 
shows coercive force. With the pulse method, the test portion carried out 65kOe impression, 
magnetized to field inboard, and was measured using the oscillating sample mold magnetometer. 
[0031] Magnetization was not set to 0, although the maximum magnetic field was impressed and 
measured to 16kOe(s) as shown in d rawin g 2 . That is, the thin film magnet by this invention has the 
high coercive force of 16 or more kOes, and it is the value which was equivalent to the R-Fe-B 
system magnets (a sintered magnet, bond magnet, etc.) of bulk as for this, and was not acquired as a 
thin film magnet until now. 

[0032] On the other hand, as for the R-Fe-B system thin film magnet by this invention, saturation 
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magnetization can expect improvement, when they reduce the volume ratio of the aforementioned 

unidentified phase by modification of sputtering conditions etc., although 3500G and residual 

magnetization were 3100G and were less than the property (14000G) of bulk. 

[0033] The alloy which was beforehand ingoted to the substrate formed [ example 2 ] membranes 

using what vapor-deposited Mo on quartz glass and with which a presentation consists of Nd30Fe 

54B16 (at%) was made into target material, and RF sputtering was performed on the same conditions 

as an example 1 . The thickness of the obtained thin film magnet was about 3 micrometers. 

[0034] Subsequently, after forming Ti film of 500A thickness in sputtering on this thin film magnet, 

it heat-treated for 60 minutes at 600 degrees C among the vacuum. Coercive force was 25kOe(s) as a 

result of measuring using an oscillating sample mold magnetometer, after magnetizing the obtained 

thin film magnet like an example 1 . 

[0035] Mo plate was used for the substrate formed [ example 3 ] membranes at the substrate, the 
alloy which was ingoted beforehand and with which a presentation consists of Nd20Fe 70B19 (at%) 
was made into target material, and RF sputtering was performed on the same conditions as an 
example 1. The thickness of the obtained thin film magnet was about 1 micrometer. 
[0036] Subsequently, after forming Ti thin film of 200 A thickness with vacuum deposition on this 
thin film magnet, it heat-treated for 30 minutes at 650 degrees C among the vacuum. Coercive force 
was 20kOe(s) as a result of measuring using an oscillating sample mold magnetometer, after 
magnetizing the obtained thin film magnet like an example 1 . 

[0037] As shown in the above example, the thin film magnet by this invention It has the high 
coercive force which was not able to be acquired until now, and sets to the presentation of a thin film 
magnet especially. The content of R 20at(s)% - 30at%, The content of B is 10at(s)% - 16at%, and 
when it has Ti thin film on a thin film magnet front face using the substrate which has Mo on Mo 
plate or a front face in a substrate, it becomes possible to acquire the outstanding coercive force of 
1 5 or more kOes. 
[0038] 

[Effect of the Invention] The oxidation at the time of heat treatment after thin film membrane 
formation can prevent, and the fall of coercive force can prevent by obtaining the thin film magnet 
which has high coercive force, and forming Ti protective coat further on the thin film which formed 
membranes on the substrate, without oxidizing a thin film magnet by performing sputtering, without 
heating a substrate, a substrate's deteriorating and deforming, or the structure of equipment becoming 
complicated according to this invention. 

[0039] Moreover, by using the substrate with which a part or all consists of Mo, emission of the 
oxygen from a substrate can be prevented, oxidation of a thin film can be controlled, and the fall of 
coercive force can be prevented. Furthermore, the R~Fe-B system thin film magnet which could 
deposit the R2Fel4B single domain particle efficiently, and was excellent in magnetic properties 
from the amorphous thin film after sputtering with the optimal heat treatment conditions can be 
obtained. 

[0040] As mentioned above, the high coercive force R-Fe-B system thin film magnet by this 
invention is the optimal and indispensable to the application as which permanent magnets of a **** 
thin shape, such as a micro motor, a micro- actuator, and a micro magnetometric sensor, are required. 



[Translation done.] 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 11/1 5/2006 



* • JP,1 1-2888 12,A [TECHNICAL FIELD] 



Page 1 of 1 



* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

TECHNICAL FIELD 



[Field of the Invention] In case this invention relates to the thin film magnet used for a micro motor, 
a micro-actuator, a micro magnetometric sensor, etc., and the R-Fe-B system thin film magnet which 
has high coercive force especially and forms the R-Fe-B system (R is at least one sort of rare earth 
elements) alloy film on a substrate by sputtering, it relates to the high coercive force R-Fe-B system 
thin film magnet which acquired high coercive force, and its manufacture approach by forming 
membranes, without heating a substrate and preparing a protective coat further. 
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* NOTICES * 
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CLAIMS 



[Claim(s)] 

[Claim 1] The high coercive force R-Fe-B system thin film magnet which has the R-Fe-B system (R 
is at least one sort of rare earth elements) alloy film which was formed in sputtering and heat-treated 
after membrane formation on the substrate, without heating a substrate. 

[Claim 2] The high coercive force R-Fe-B system thin film magnet which has a protective coat on a 
R-Fe-B system alloy film front face in claim 1 . 

[Claim 3] The manufacture approach of the high coercive force R-Fe-B system thin film magnet 
heat-treated after performing sputtering and forming a R-Fe-B system (R is at least one sort of rare 
earth elements) alloy on a substrate, without heating a substrate. 

[Claim 4] The manufacture approach of the high coercive force R-Fe-B system thin film magnet 
heat-treated after forming a R-Fe-B system alloy and forming a protective coat further in claim 3. 



[Translation done.] 
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